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(54) Cooling of oscillating linear motors in lithographic projection apparatus 



(57) A voice coil motor used in a positioning means 
associated with either a first object table or a second 
object table in which the coil is cooled with a cooling 
jacket in thermal contact with the coil, the cooling jacket 
comprising at least one channel for circulation of a cool- 
ing fluid, the or each channel being arranged such as to 
be substantially located in a portion of the cooling jacket 
adjacent to the coil., for use in a lithographic projection 
apparatus comprising: 



a radiation system for supplying a projection beam 
of radiation; 

a first object table for holding a mask; 

a second object table for holding a substrate; 

a projection system for imaging irradiated portions of the 
mask onto target portions of the substrate. 

The cooling jacket may be formed of a ceramic ma- 
terial and preferably is of a monolithic construction. 
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Description 

[0001] The present invention relates to arrangements 
for cooling voice coil motors, and in particular to ar- 
rangements for cooling voice coil motors for use in lith- 5 
ographic projection apparatus comprising: 

a radiation system for supplying a projection beam 
of radiation; 

patterning means, for patterning the projection 10 
beam according to a desired pattern; 
a substrate table for holding a substrate; and 
a projection system for imaging the patterned beam 
onto a target portion of the substrate. 

15 

[0002] The term "patterning means" should be broad- 
ly interpreted as referring to means that can be used to 
endow an incoming radiation beam with a patterned 
cross-section, corresponding to a pattern that is to be 
created in a target portion of the substrate: the term 20 
"light valve" has also been used in this context. Gener- 
ally, the said pattern will correspond to a particularfunc- 
tional layer in a device being created in the target por- 
tion, such as an integrated circuit or other device (see 
below). Examples of such patterning means include: 25 

- A mask table for holding a mask. The concept of a 
mask is well known in lithography, and its includes 
mask types such as binary, alternating phase-shift, 
and attenuated phase-shift, as well as various hy- 30 
brid mask types. Placement of such a mask in the 
radiation beam causes selective transmission (in 
the case of a transmissive mask) or reflection (in 
the case of a reflective mask) of the radiation im- 
pinging on the mask, according to the pattern on the 35 
mask. The mask table ensures that the mask can 
be held at a desired position in the incoming radia- 
tion beam, and that it can be moved relative to the 
beam if so desired. 

- A programmable mirror array. An example of such 40 
a device is a matrix-addressable surface having a 
viscoelastic control layer and a reflective surface. 
The basic principle behind such an apparatus is that 
(for example) addressed areas of the reflective sur- 
face reflect incident light as diffracted light, whereas 45 
unaddressed areas reflect incident light as undif- 
fracted light. Using an appropriate filler, the said un- 
diffracted light can be filtered out of the reflected 
beam, leaving only the diffracted light behind; in this 
manner, the beam becomes patterned according to so 
the addressing pattern of the matrix-adressable 
surface. The required matrix addressing can be per- 
formed using suitable electronic means. More infor- 
mation on such mirror arrays can be gleaned, for 
example, from United States Patents US 5,296,891 55 
and US 5,523,193, which are incorporated herein 
by reference. 

A programmable LCD array. An example of such a 



construction is given in United States Patent US 
5,229,872, which is incorporated herein by refer- 
ence. 

For purposes of simplicity, the rest of this text may, at 
certain locations : specifically direct itself to examples in- 
volving a mask table and mask; however, the general 
principles discussed in such instances should be seen 
in the broader context of the patterning means as here- 
above set forth. 

[0003] For the sake of simplicity, the projection sys- 
tem may hereinafter be referred to as the "lens"; how- 
ever, this term should be broadly interpreted as encom- 
passing various types of projection system, including re- 
fractive optics, reflective optics, catadioptric systems, 
and charged particle optics, for example. The radiation 
system may also include elements operating according 
to any of these principles for directing, shaping or con- 
trolling the projection beam of radiation, and such ele- 
ments may also be referred to below, collectively or sin- 
gularly, as a "lens". In addition, the first and second ob- 
ject tables may be referred to as the "mask table" and 
the "substrate table", respectively. Further, the litho- 
graphic apparatus may be of a type having two or more 
mask tables and/or two or more substrate tables. In such 
"multiple table" devices the additional tables may be 
used in parallel, or preparatory steps may be carried out 
on one or more tables while one or more other tables 
are being used for exposures. Twin stage lithographic 
apparatus are described, for example, in US 5,969,441 
and US Serial No. 09/180.011 filed 27 February 1998 
(WO98/40791), incorporated herein by reference. 
[0004] Lithographic projection apparatus can be 
used, for example, in the manufacture of integrated cir- 
cuits (ICs). In such a case, the mask (reticle) may con- 
tain a circuit pattern corresponding to an individual layer 
of the IC, and this pattern can be imaged onto a target 
portion (comprising one or more dies) on a substrate (sil- 
icon wafer) which has been coated with a layer of pho- 
tosensitive material (resist). In general, a single sub- 
strate will contain a whole network of adjacent target 
portions which are successively irradiated via the mask, 
one at a time. In one type of lithographic projection ap- 
paratus, each target portion is irradiated by exposing the 
entire mask pattern onto the target portion in one go; 
such an apparatus is commonly referred to as a wafer 
stepper. I n an alternative apparatus - which is commonly 
referred to as a step-and-scan apparatus - each target 
portion is irradiated by progressively scanning the mask 
pattern under the projection beam in a given reference 
direction (the "scanning" direction) while synchronously 
scanning the substrate table parallel or anti-parallel to 
this direction; since, in general, the projection system 
will have a magnification factor M (generally < 1), the 
speed at which the substrate table is scanned will be a 
factor M times that at which the mask table is scanned. 
More information with regard to lithographic devices as 
here described can be gleaned from US 6,046,792, in- 
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corporated herein by reference. 

[0005] In a lithographic apparatus, voice coil motors 
(typically Lorentz-force motors) are used, for example, 
for fine positioning of the substrate table and the mask 
table. The motors dissipate heat in operation which, if 
not removed in a controlled manner, would affect the 
thermal stability of the apparatus. In the case of the fine 
positioning of a substrate table, it is important that heat 
transfer from the motor to the substrate table is mini- 
mized. The substrate table is designed to be operated 
at a predetermined temperature and heat transfer to the 
substrate table may lead to expansion or contraction in 
the substrate table and/or the substrate causing an in- 
accuracy in the positioning of the substrate and thus of 
the target portion to be irradiated. 
[0006] At present the coils of the motors are cooled 
by a thin metal cooling plate in thermal contact with the 
coil. Heat from the coil is removed by thermal conduction 
through the cooling plate to its sides which are connect- 
ed to a water cooling system. Thus there is inevitably a 
temperature variation across the cooling plate, and heat 
loss by convection or radiation from the surfaces of the 
cooling plate can lead to a heat load on the substrate 
table which is too large. For example, in a typical design 
no more than 0.5W out of approximately 350W of heat 
dissipated in each voice coil motor can be allowed to 
escape to the surrounding components without causing 
a detrimental effect. 

[0007] An object of the present invention is to provide 
an improved means of cooling the voice coil motors of 
lithographic apparatus which will result in a reduction in 
the heat loss to its surroundings. 
[0008] According to the present invention there is pro- 
vided a lithographic projection apparatus comprising: 

a radiation system for providing a projection beam 
of radiation; 

patterning means, for patterning the projection 
beam according to a desired pattern; 
a substrate table for holding a substrate; 
a projection system for imaging the patterned beam 
onto a target portion of the substrate; wherein 
at least one of the patterning means and the sub- 
strate table is associated with positioning means 
comprising at least one voice coil motor having a 
coil in thermal contact with a cooling jacket; char- 
acterized in that: 

the cooling jacket comprises at least one channel 
for circulation of a cooling fluid, the or each channel 
being arranged such as to be substantially located 
in a portion of the cooling jacket adjacent to the coil. 

[0009] The present invention is advantageous in that 
heat is removed directly from the coil to the cooling me- 
dium through a large area of contact, thus reducing sub- 
stantially the amount of heat escaping to the surround- 
ing components and therefore reducing inaccuracies 
caused by thermal expansion of the object table and any 



object thereon. 

[0010] It is preferred that the cooling jacket is made 
from an electrically non-conducting material. This is ad- 
vantageous as it will prevent undesirable eddy-current 
5 damping within the magnetic field of the stator. The use 
of a ceramic material, for example Al 2 0 3 or AIN, is par- 
ticularly desirable as the processing and properties of 
ceramic materials are already well known. Ceramic ma- 
terials do not absorb water (which is a particular disad- 
10 vantage of composite materials); they have high 
strength (and can therefore sustain a higher coolingfluid 
operating pressure for a given dimension) and they do 
not outgas (and are hence suitable for use in a vacuum). 
[0011] In a preferred embodiment of the invention at 
*5 least one part of a ceramic cooling jacket having at least 
one channel located therein, is formed as a single mon- 
olithic component. This is advantageous as this will pro- 
vide the strongest possible structure forthe cooling jack- 
el. A monolithic component is less subject to the risk of 
20 delamination than laminated designs. 

[001 2] In another preferred embodiment of the inven- 
tion at least one part of a ceramic cooling jacket, having 
at least one channel located therein is formed from two 
components which are bonded together to form said.one 
25 part, at least one of the contacting surfaces of the com- 
ponents comprising at least one groove which forms the 
channel(s) in the bonded state. This is advantageous 
because it is then possible to provide a cooling jacket in 
which the thermal properties can be optimized for each 
30 position within the structure, rather than having uniform 
thermal properties across the cooling jacket which are 
a compromise. 

[0013] In yet another preferred embodiment at least 
one part of a ceramic cooling jacket, having at least one 
35 channel located therein is formed from three compo- 
nents that are bonded together, an intermediate compo- 
nent being formed with sections of material removed, 
said sections forming the channels in the bonded state. 
This also advantageously allows the thermal properties 
40 of the separate parts of the structure to be optimized. 
[0014] According to a further aspect of the invention 
there is provided a device manufacturing method com- 
prising the steps of: 

45 providing a substrate that is at least partially cov- 
ered by a layer of radiation-sensitive material; 
providing a projection beam of radiation using a ra- 
diation system; 

using patterning means, to endow the projection 
50 beam with a pattern in its cross-section; 

projecting the patterned beam of radiation onto a 
target portion of the layer of radiation-sensitive ma- 
terial, wherein at least one of said substrate table 
and said patterning means if positioned using at 
55 least one voice coil motor having a coil in thermal 

contact with a cooling jacket; characterized by: 
said step of passing a cooling fluid through the cool- 
ing jacket so as to substantially pass the cooling f lu- 
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id through a portion of the cooling jacket adjacent 
to the coil. 

[001 5] In a manufacturing process using a lithograph- 
ic projection apparatus according to the invention a pat- 
tern in a mask is imaged onto a substrate which is at 
least partially covered by a layer of energy-sensitive ma- 
terial (resist). Prior to this imaging step, the substrate 
may undergo various procedures, such as priming, re- 
sist coating and a soft bake. After exposure, the sub- 
strate may be subjected to other procedures, such as a 
post-exposure bake (PEB), development, a hard bake 
and measurement/inspection of the imaged features. 
This array of procedures is used as a basis to pattern 
an individual layer of a device, e.g. an IC. Such a pat- 
terned layer may then undergo various processes such 
as etching, ion-implantation (doping), metallisation, ox- 
idation, chemo-mechanical polishing, etc., all intended 
to finish off an individual layer. If several layers are re- 
quired, then the whole procedure, or a variant thereof, 
will have to be repeated for each new layer. Eventually, 
an array of devices will be present on the substrate (wa- 
fer). These devices are then separated from one anoth- 
er by a technique such as dicing or sawing, whence the 
individual devices can be mounted on a carrier, connect- 
ed to pins, etc. Further information regarding such proc- 
esses can be obtained, for example, from the book "Mi- 
crochip Fabrication: A Practical Guide to Semiconductor 
Processing", Third Edition, by Peter van Zant, McGraw 
Hill Publishing Co., 1997, ISBN 0-07-067250-4. 
[0016] Although specific reference may be made in 
this text to the use of the apparatus according to the 
invention in the manufacture of ICs, it should be explic- 
itly understood that such an apparatus has many other 
possible applications. For example, it may be employed 
in the manufacture of integrated optical systems, guid- 
ance and detection patterns for magnetic domain mem- 
ories, liquid-crystal display panels, thin-film magnetic 
heads, etc. The skilled artisan will appreciate that, in the 
context of such alternative applications, any use of the 
terms "reticle", "wafer" or"die" in this text should be con- 
sidered as being replaced by the more general terms 
"mask", "substrate" and "target portion", respectively. 
[0017] In the present document, the terms "radiation" 
and "beam" are used to encompass all types of electro- 
magnetic radiation or particle flux, including, but not lim- 
ited to, ultraviolet (UV) radiation (e.g. at a wavelength 
of 365nm, 248 nm, 1 93 nm, 1 57nm or 1 26nm), extreme 
ultraviolet (EUV) radiation, X-rays, electrons and ions. 
Also, in the present document reference may be made 
to X, Y, and Z axes, or to up, down and other similar 
spatial references. It should be understood that these 
terms are used with reference to the plane of the sub- 
strate and not relative to a general frame of reference. 
In the frame of reference used, the substantially planar 
substrate lies in a "horizontal" plane, defined by the X 
and Y axes. The Z axis denotes the "vertical" position 
and is perpendicular to the plane defined by the X and 



Y axes. 

[0018] The present invention will be described below 
with reference to exemplary embodiments and the ac- 
companying schematic drawings, in which: 

5 

Figure 1 depicts a lithographic projection apparatus 
according to a first embodiment of the invention; 
Figure 2 is a schematic representation of a voice 
coil motor with a cooling system of the first embod- 

10 iment of the present invention; 

Figure 3 is a cross-section of a cooling jacket ac- 
cording to the first embodiment of the invention; 
Figure 4 is a cross-section of a cooling jacket ac- 
cording to a second embodiment of the invention; 

15 Figure 5 is a cross-section of a cooling jacket ac- 
cording to a third embodiment of the invention; 
Figure 6 is a cross-section of a cooling jacket ac- 
cording to a fourth embodiment of the invention; 
Figure 7 is a schematic of a voice coil motor with a 

20 variation of the cooling system of Figure 2; 

Figures 8a and 8b are cross-sections of channels 
through a cooling jacket of the invention; 
Figures 9a and 9b are plan views of channels in a 
cooling jacket of the invention. 

25 

[0019] In the drawings, like reference numerals indi- 
cate like parts. 

[0020] Figure 1 schematically depicts a lithographic 
projection apparatus according to the invention. The ap- 
30 paratus comprises: 

• a radiation system LA, Ex, IN, CO for supplying a 
projection beam PB of radiation {e.g. UV or EUV 
radiation); 

35 • a first object table (mask table) MT for holding a 
mask MA (e.g. a reticle), and connected to first po- 
sitioning means for accurately positioning the mask 
with respect to item PL; 

• a second object table (substrate table) WT for hold- 
40 ing a substrate W (e.g. a resist-coated silicon wa- 
fer), and connected to second positioning means for 
accurately positioning the substrate with respect to 
item PL; 

• a projection system ("lens") PL (e.g. a refractive or 
45 catadioptric system, a mirror group or an array of 

field deflectors) for imaging an irradiated portion of 
the mask MA onto a target portion C (comprising 
one or more dies) of the substrate W. As here de- 
picted, the apparatus is of a transmissive type (i.e. 
50 has a transmissive mask). However, in general, it 
may also be of a reflective type, for example. 

[0021] The radiation system may comprise a source 
LA (e.g. a Hg lamp, excimer laser, an undulator provided 
55 around the path of an electron beam in a storage ring 
or synchrotron, or an electron or ion beam source) which 
produces a beam of radiation. This beam is caused to 
traverse various optical components comprised in the 
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illumination system, e.g. beam shaping optics Ex, an in- 
tegrator IN and a condenser CO - so that the resultant 
beam PB has a desired uniformity and intensity distri- 
bution in its cross-section. 

[0022] The beam PB subsequently intercepts the 
mask MA which is held on a mask table MT. Having 
passed through the mask MA, the beam PB traverses 
the lens PL 3 which focuses the beam PB onto a target 
portion C of the substrate W. With the aid of the inter- 
ferometric displacement measuring means IF and the 
second positioning means, the substrate table WT can 
be moved accurately, e.g. so as to position different tar- 
get portions C in the path of the beam PB. Similarly, the 
interferometric displacement measuring means IF and 
the first positioning means can be used to accurately 
position the mask MA with respect to the path of the 
beam PB, e.g. after mechanical retrieval of the mask MA 
from a mask library. In general, movement of the object 
tables MT, WT will be realized with the aid of a long 
stroke module (course positioning) and a short stroke 
module (fine positioning), which are not explicitly depict- 
ed in Figure 1 . The depicted apparatus can be used in 
two different modes: 

• In step mode, the mask table MT is kept essentially 
stationary, and an entire mask image is projected in 
one go (i.e. a single "flash") onto a target portion C. 
The substrate table WT is then shifted in the x and/ 
or y directions so that a different target portion C 
can be irradiated by the beam PB; 

• In scan mode, essentially the same scenario ap- 
plies, except that a given target portion C is not ex- 
posed in a single 'flash". Instead, the mask table 
MT is movable in a given direction (the so-called 
"scan direction", e.g. the y direction) with a speed 
v, so that the projection beam PB is caused to scan 
over a mask image; concurrently, the substrate ta- 
ble WT is simultaneously moved in the same or op- 
posite direction at a speed V= Mv, in which Mis the 
magnification of the lens PL (typically, M= 1/4 or 
1/5). In this manner, a relatively large target portion 
C can be exposed, without having to compromise 
on resolution. 

[0023] Figure 2 shows in cross-section the layout of 
a voice coil, or Lorentz-force, motor 1 00. The voice coil 
motor is comprised of a coil 3, two sets of permanent 
magnets 2a, 2b mounted on a yoke 1 , and cooling jacket 
4. The yoke 1 is mounted on the substrate table or the 
mask table and the combination of the table, the yoke 
and the magnets is moveable with respect to the coil. 
[0024] The permanent magnets are mounted on the 
yoke 1 with the north-south directions orientated as in- 
dicated by the arrows, the direction of the magnetic field 
created by the first set of permanent magnets 2a being 
orientated substantially opposite to the direction of the 
magnetic field created by the second set of permanent 
magnets 2b. The coil 3 contains a plurality of windings 



and the plane of the windings is perpendicular to the 
plane of the drawing and perpendicular to the direction 
of the magnetic fields. A first portion of the coil 3a passes 
through the magnetic field created by the first set of per- 

5 manent magnets 2a, and a second portion of the coil 3b 
passes through the magnetic field created by the sec- 
ond set of permanent magnets 2b. The direction of an 
electric current in the windings at the first portion 3a and 
second portion 3b of the coil 3 will be opposite and per- 

10 pendicular to the plane of the drawing. Thus when an 
electric current is flowing in the coil, a Lorentz force will 
be induced between each of the first set of permanent 
magnets 2a and the first portion of the coil 3a and the 
second set of permanent magnets 2b and the second 

15 portion of the coil 3b. In both cases the Lorentz force 
will be parallel to the plane of the drawing (but perpen- 
dicular to the direction of the magnetic fields created by 
the magnets) and both Lorentz forces will be in the same 
direction. 

20 [0025] However, when the electric current is flowing 
through the coil 3, it creates heat which needs to be dis- 
sipated. In the present invention the cooling jacket 4 is 
attached directly onto the upper and lower surfaces of 
the coil. The cooling jacket may be attached to and cool 

25 the coil as shown in Figure 2. Alternatively the cooling 
jacket may cover the entire coil including the center.por- 
tion where there are no windings. In addition a single 
cooling jacket may be attached to and provide cooling 
for a plurality of coils. 

30 [0026] The cooling jacket has connecting channels 5 
which connect the cooling jacket to a water cooling sys- 
tem 6. The connecting channels may be comprised of 
flexible plastic tubes and/or rigid stainless steel tubing, 
however there may be a variety of other means forcon- 

35 necting the cooling jacket to the water cooling system 
and the invention is not intended to be limited to a par- 
ticular means. As will be further described below, the 
cooling jacket 4 has channels 10, in which water from 
the cooling system can flow via the connecting channels 

40 5. The heat created by the electric current flowing 
through the coil 3 passes into the cooling water in the 
channels 10 which flows back to the cooling system 6 
where the heat is removed and the temperature of the 
cooling water is regulated to a pre-determined value. 

45 [0027] It can be appreciated that a variety of fluids 
could be used as the cooling medium instead of the cool- 
ing waler described above. Furthermore a variety of 
cooling systems which could be connected to the cool- 
ing jacket 4 are already well known and will not be further 

50 discussed in this document as the choice of cooling sys- 
tem 6 is not critical to the present invention. 
[0028] As described above, in a preferred embodi- 
ment the cooling jacket is attached to the top and bottom 
sides of the coil. However the invention is not limited to 

55 this arrangement. A variation of this embodiment is 
shown in Figure 7. In this arrangement the coil-cooling 
jacket assembly is comprised of alternating layers of coil 
and cooling jacket. In the example shown there are two 
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coil layers 41 , 43. The lower coil layer 41 has lower cool- 
ing jacket layer 40 attached to its bottom side and middle 
cooling jacket layer 42 attached to its upper side. Coil 
layer 43 has middle cooling jacket layer 42 attached to 
its bottom side and upper cooling jacket layer 44 at- 
tached to its upper side. Each of the cooling jacket layers 
40, 42, 44 has channels 10 in which cooling fluid can 
flow. The channels 10 in each cooling jacket layer are 
connected to one another by water connection mani- 
folds 45 and are connected to the water cooling system 
6 by connecting channels 5 as before. It will be appre- 
ciated that the layout and number of layers used can be 
varied within the scope of the invention. 
[0029] In voice coil motor 1 00 the clearance between 
the permanent magnets and the coil is limited by prac- 
tical motor design considerations. This in turn will limit 
the maximum thickness that the cooling jacket can en- 
compass. In practice in a lithographic apparatus this 
clearance will be about 2 to 4mm on each side of the 
coil, limiting the maximum thickness of each cooling 
jacket to about 1 .5mm. 

[0030] Figure 3 shows a cross-section of a portion of 
the cooling jacket 4 of the first embodiment of the inven- 
tion. The cooling jacket is comprised of a substantially 
planar body 9 with channels 1 0 through it. The channels 
are substantially parallel to the plane of the cooling jack- 
et (perpendicular to the plane of Figure 3) and the cool- 
ing water flows through them. The lower surface 9a is 
attached to the surface of the coil with a thermally con- 
ductive but electrically insulating compound, and the up- 
per surface is exposed to the environment. (It will be ap- 
preciated that when a portion of the cooling jacket is at- 
tached to the lower surface of the coil surface, 9a will 
become the upper surface of the cooling jacket and sur- 
face 9b will become the lower surface of the cooling 
jacket.) Thus the heat from the voice coil will be con- 
ducted through the lower surface 9a and into the cooling 
water in the channels 10. Ideally the heat flow passing 
through the cooling jacket to the upper surface 9b will 
be negligible. To facilitate this, an upper portion of the 
planar body 9 of the cooling jacket 4, which is adjacent 
to the upper surface 9b. may have a relatively low ther- 
mal conductivity and a lower portion of the planar body 
9 of the cooling jacket 4, which is adjacent to the lower 
surface 9a, may have a relatively high thermal conduc- 
tivity. Overall the thermal conductivity of the entire jacket 
may be lower than that of the prior art as the length of 
the desired heat-flow path to the cooling water is greatly 
reduced. 

[0031] As is apparent from the foregoing description 
at least a part of the cooling jacket 4 will be located in 
the magnetic field of the voice coil motor 100. It will 
therefore be advantageous if the cooling jacket is made 
from an electrically non-conducting material so as to 
prevent undesirable eddy-current damping. Such a ma- 
terial could be a plastic, a composite material, or pref- 
erably a ceramic. As previously stated, ceramic materi- 
als are advantageous in the present situation because 



of their relatively good thermal conductivity, and their 
fabrication methods and mechanical properties are well 
known. In the preferred embodiment of the invention the 
cooling jacket 4 will therefore be made from a ceramic 
5 material such as Al 2 0 3 or AIN, but the invention should 
not be considered as limited to any particular type of 
material. 

[0032] The embodiment in Figure 3 shows part of a 
cooling jacket 4 which has been fabricated as a single 
10 ceramic component 11. This is achieved by casting or 
cold-pressing the ceramic powder particles 13 onto a 
former 12 which resembles the shape of the channels 
10. The former can subsequently be removed either by 
melting at a temperature which is lower than the sinter- 
's ing temperature of the ceramic which is being used or 
by chemically dissolving the former. The cooling jacket 
can then be completed by sintering. The resulting cool- 
ing jacket has a monolithic construction. As described 
above it may be desirable to use different ceramics for 
20 the top and bottom portions of the cooling jacket. It is 
possible to produce the cooling jacket of this embodi- 
ment using two different ceramics. However, it will be 
more difficult to realize because of differing sintering 
temperatures and amounts of shrinkage. 

25 

Embodiment 2 

[0033] A second embodiment of the cooling jacket 4 
of the invention is shown in -Figure 4. In this case the 

30 cooling jacket is created by forming an upper portion, or 
component, 14 and a lower portion, or component, 15 
of the cooling jacket. The upper portion 1 4 is comprised 
of a planar body with grooves 1 0b and the lower portion 
15 is comprised of a planar body with grooves 10a, 

35 grooves 10a ,10b being formed in the contacting surfac- 
es of portions 14, 15. Each of these portions are made 
by conventional ceramic processing methods and sin- 
tered. The two portions are subsequently bonded to- 
gether along the bond lines 16 by a technique such as 

40 glass bonding. When the upper and lower portions are 
bonded together the grooves in each, 1 0a and 1 0b, are 
lined up such that the combination of the grooves 10b 
on the upper portion 1 4 and the grooves 1 0a on the low- 
er portion 15 combine to form the channels 10. As de- 

45 scribed above it may be desirable to use different ce- 
ramic compositions which have different thermal con- 
ductivities for the upper and lower portions. Also, four 
grooves may be provided in any one of the upper portion 
14 and lower portion 15, with the other having aflatsur- 

50 face. 

Embodiment 3 

[0034] Figure 5 shows the cooling jacket 4 of a third 
55 embodiment of the invention. This is a variation of the 
second embodiment. In this case the upper portion 17 
and the lower portion 18 are again formed by conven- 
tional ceramic processing methods but are not immedi- 
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ately sintered. Instead the two unsintered portions (in 
the green state) are pressed together such that grooves 
10a and 10b line up to form channels 10 and the two 
portions are joined at join line 1 9. The cooling jacket as- 
sembly is then co-fired to form a single monolithic com- 
ponent. Again different ceramic compositions can be 
used for the upper and lower portions. 

Embodiment 4 

[0035] A fourth embodiment of the cooling jacket 3 is 
shown in Figure 6. In this case the cooling jacket is com- 
posed of three layers: a substantially planar upper layer, 
or component, 20, a substantially planar lower layer, or 
component, 22 and a middle layer, or component, 21. 
The upper layer and the lower layer do not have grooves 
and can be formed and sintered according to conven- 
tional ceramic processing techniques. The middle layer 
is formed as a series of strips 21 of material with gaps 
25 in between. The middle layer may be formed either 
as a planar layer from which strips of material are re- 
moved, for example by laser machining, to leave just the 
required strips of material or can be formed directly by 
conventional ceramic processes. The three layers are 
then bonded together at bond lines 23 by a method such 
as glass bonding. As in other embodiments each of the 
layers may be formed from different ceramic composi- 
tions. 

[0036] It will be appreciated that the third and fourth 
embodiments of the invention may be combined. That 
is to say. a cooling jacket may be formed by pressing 
togetherthe three layers of the fourth embodiment whilst 
they are still in the green state and then co-firing the 
assembly. 

[0037] In the cooling jackets of the present invention 
the cooling jacket, and hence the channels 10 within, 
must generally be thin. This in turn results in high fluid 
flow resistance within the channels and therefore the 
cooling fluid circuit must be operated at high pressure 
P to maintain a sufficient flow rate. The fluid flow resist- 
ance and hence pressure P can be reduced by increas- 
ing the width W of the channels. However, as shown in 
Figure 8a, increasing the effective length of the span 50 
results in large bending stresses in the corner regions 
51 of the cooling jacket. An alternative way to reduce 
the fluid flow resistance is to provide parallel channels 
as shown in Figure 8b. The channel arrangements 
shown in Figures 8a and 8b have similar fluid flow re- 
sistances (and hence P and P' are similar) but the max- 
imum bending stress in the corner 53 of the arrange- 
ment shown in Figure 8b is much lower than the maxi- 
mum bending stress in the corner51 of the arrangement 
shown in Figure 8a. 

[0038] Figure 9a and 9b schematically show the ar- 
rangement of parallel channels 56, 58 in sections 55, 57 
of cooling jackets 60, 61 of the present invention. The 
channels have a common cooling fluid inlet 54 and a 
common fluid outlet 59. In all of the embodiments of the 



invention the cooling jackets may have straight chan- 
nels 56 or serpentine channels 58, as shown in Figures 
9a and 9b respectively, but the invention should not be 
considered as limited to only these configurations. 

5 [0039] Whilst we have described above specific em- 
bodiments of the invention it will be appreciated that the 
invention may be practiced otherwise than described. 
For example, the cooling jacket may be formed of any 
convenient number of sub-layers (more than three) 

10 which may be of similar or different materials and may 
be grooved as desired. The description is not intended 
to limit the invention. 



15 Claims 

1. A lithographic projection apparatus comprising: 

a radiation system for providing a projection 
20 beam of radiation; 

patterning means, for patterning the projection 
beam according to a desired pattern; 
a substrate table for holding a substrate; 
a projection system for imaging the patterned 
25 beam onto a target portion of the substrate; 

wherein 

at least one of the patterning means and the 
substrate table is associated with positioning 
means comprising at least one voice coil motor 
30 having a coil in thermal contact with a cooling 

jacket; characterized in that: 

the cooling jacket comprises at least one 
channel for circulation of a cooling fluid, the or 
each channel being arranged such as to be 
35 substantially located in a portion of the cooling 

jacket adjacent to the coil. 

2. Apparatus according to claim 1 wherein the cooling 
jacket comprises a substantially planar body. 

40 

3. Apparatus according to claim 1 or 2 wherein the 
cooling jacket is comprised of a plurality of said 
channels which are configured such that the chan- 
nels are evenly distributed in the said portion of the 

4 5 cooling jacket adjacent to the coil. 

4. Apparatus according to claim 3 wherein the chan- 
nels are substantially straight. 

50 5. Apparatus according to claim 3 wherein the chan- 
nels are serpentine. 

6. Apparatus according to any preceding claim where- 
in the coil is comprised of a plurality of wire turnings, 
55 all of which are in substantially the same plane, and 

the cooling jacket is substantially parallel to the 
plane of the turnings and attached to at least one of 
the upper and lower surfaces of the coil. 
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7. Apparatus according to any preceding claim where- 
in at least one of said channels is parallel to the 
plane of the portion of the cooling jacket within 
which it is located. 

5 

8. Apparatus according to any preceding claim where- 
in the voice coil motor is comprised of alternating 
sections of coil and cooling jacket. 

9. Apparatus according to any preceding claim where- 10 
in the cooling fluid is water. 

1 0. Apparatus according to any preceding claim where- 
in the cooling jacket is made from an electrically 
non-conducting material. is 

11. Apparatus according to claim 10 wherein the cool- 
ing jacket is made from a ceramic. 

12. Apparatus according to claim 11 wherein the ceram- 20 
ic is Al 2 0 3 or AIN. 



rial; 

providing a projection beam of radiation using 
a radiation system; 

using patterning means to endow the projection 
beam with a pattern in its cross-section; 
projecting the patterned beam of radiation onto 
a target portion of the layer of radiation-sensi- 
tive material, wherein at least one of said sub- 
strate table and said patterning means if posi- 
tioned using at least one voice coil motor having 
a coil in thermal contact with a cooling jacket; 
characterized by: 

said step of passing a cooling fluid 
through the-cooling jacket so as to substantially 
pass the cooling fluid through a portion of the 
cooling jacket adjacent to the coil. 

19. A device manufactured according to the method of 
claim 18. 



13. Apparatus according to claim 11 or 12 wherein at 
least one part of the cooling jacket having at least 
one channel, located therein, is formed as a single 25 
monolithic component. 



14. Apparatus according to claim 11 , 12 or 13 wherein 
at least one part of the cooling jacket, having at least 
one channel located therein, is formed from two 
components which are bonded together to form said 
one part, at least one of the contacting surfaces of 
the components comprising at least one groove 
which forms the channel(s) in the bonded state. 

15. Apparatus according to any one of claims 11 to 14 
wherein at least one part of the cooling jacket, hav- 
ing at least one channel located therein, is formed 
from three components that are bonded together, 
an intermediate component being formed with sec- 
tions of material removed, said sections forming the 
channels in the bonded state. 



30 



35 



40 



16. Apparatus according to claim 14 or 15 wherein the 
components are joined by glass bonding. 



45 



17. Apparatus according to claims 14 or 15 wherein 
each of the components is formed from an unsin- 
tered material before bonding together, the compo- 
nents being bonded by pressing them together fol- 
lowed by sintering, so as to form a single monolithic 
component in a finished state. 



50 



18. A device manufacturing method comprising the 
steps of: 



55 



providing a substrate that is at least partially 
covered by a layer of radiation-sensitive mate- 
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Fig.8b. 
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